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PhyloTrac is an integrated desktop application for analysis of PhyloChip microarray data. PhyloTrac
combined with PhyloChip provides turnkey and comprehensive identification and analysis of bacterial and
archaeal communities in complex environmental samples. PhyloTrac is free for noncommercial organizations
and is available for all major operating systems at http://www.phylotrac.org/.

The PhyloChip is a low-cost Affymetrix GeneChip microar-
ray, developed at Lawrence Berkeley National Laboratory
(LBNL), designed to detect and quantify abundance of bacte-
rial and archaeal taxa using signature probes targeting all
known 16S rRNA gene sequences. The second generation of
the PhyloChip microarray targets nearly 9,000 operational tax-
onomic units (OTUs), with an average of 24 probes, each 25 bp
long, and the upcoming third-generation PhyloChip applica-
tion will target an even larger number of OTUs. Multiple,
complex environments have been successfully analyzed using
the PhyloChip microarray, including, among others, air (2),
soil (1), the human lung (6), and the gut (9). PhyloChip mi-
croarrays are manufactured by Affymetrix, but to date, analysis
has been available only from within LBNL, limiting the acces-
sibility of the technology. PhyloTrac addresses this limitation
by providing a standardized analysis package for the PhyloChip
microarray, including microarray normalization, OTU quanti-
fication, multiple interactive visualizations, and integrated ana-
lytics.

OTU identification and quantification. PhyloTrac is entirely
self-contained, requiring as input only the Affymetrix CEL files
containing the raw PhyloChip probe intensities. All other re-
quired microarray design and taxonomy information is bun-
dled into the application. From the CEL files, PhyloTrac per-
forms normalization and scoring of the data using methods
previously described by DeSantis et al. (4). This method has
been successfully applied and validated by 16S rRNA gene
clone library sequencing in prior studies utilizing the Phylo-
Chip microarray (1, 2, 6).

Briefly, the PhyloChip data are first processed for back-
ground subtraction and normalization based on the back-
ground signal level and the observed intensity of synthetic

probes for known spike-in concentrations. Widely variable or
otherwise defective hybridizations are detected through quality
control tests available within the application. Then, specific
probe hybridization is estimated by comparing the intensity of
a perfect-match (PM) probe to that of a paired mismatch
(MM) probe containing a single difference at the central po-
sition. An OTU is considered present if the positive fraction
(PF) of probes targeting that OTU is greater than the user-
selected threshold (default, 95%). A hybridization score is
computed for each positive OTU as the trimmed mean inten-
sity of its PM probes. The hybridization score has been shown
to have a strong linear correlation (r � 0.917) with the abun-
dance of the DNA target present in the sample (5). After
processing, PhyloTrac stores the results in an exchangeable
binary format for further analysis within the application. Al-
ternatively, OTU PF values and hybridization scores may be
exported to a tab delimited file, such as one used for further
analysis within R/Bioconductor (7), or in a format compatible
with UniFrac (8) for additional statistical analyses of microbial
community structure. 16S rRNA gene sequencing data can be
codisplayed in all views to confirm or supplement the hybrid-
ization data.

Visualization and analysis. In addition to standardizing the
scoring of PhyloChip microarray data, PhyloTrac provides
powerful visualization and analysis features for exploring mi-
crobial diversity. Figure 1 recreates several views from the
urban aerosol study by Brodie et al. (2), in which the microbial
composition of the air in San Antonio and Austin, TX, was
monitored for 17 weeks. Among other findings, this study dis-
covered the regular presence of pathogenic OTUs, correlated
aerosol microbial diversity with environmental conditions, and
identified a set of 80 core subfamilies consistently detected in
San Antonio. Using PhyloTrac’s interactive and fully synchro-
nized views of the data, including taxonomic trees, heat maps,
hierarchical clustering, time series (parallel coordinates), dif-
ference plots, and multidimensional scaling scatter plots, it is
possible to reproduce their analysis in just a few steps (see the
supplemental material).

The primary PhyloTrac window displays a taxonomic tree of
the OTUs detected by the PhyloChip microarray, with mean
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intensities for each detected OTU displayed as a heat map of
samples at the leaves of the tree. The user may dynamically
filter the tree to hide low-abundance or borderline OTUs be-
low user-specified intensity or PF thresholds, search and filter
by keyword or clade, or summarize the analysis at any level of
the tree from phylum to species. In Fig. 1a, the tree has been
filtered to display the abundance of 19 select pathogenic or
near-neighbor OTUs in San Antonio throughout the 17 weeks.
In accordance with reference 2, the regular presence of phy-
logenetic near-neighbors to Bacillus anthracis, Burkholderia
pseudomallei, and Clostridium botulinum is evident. In a second
synchronized window, these OTUs are displayed in a time
series plot, displaying their change in abundance over time,
highlighted in yellow, in relation to all other OTUs, colored
blue, and showing a spike in abundance in week 24 and a
depression in weeks 19 to 21 (Fig. 1b). In a third heat map
window, users can hierarchically cluster both OTUs and sam-
ples using any of the standard distance and linkage methods
from the integrated C clustering library (3) (Fig. 1c). Cluster-
ing the OTUs reveals the organisms with similar patterns of
abundance across samples, while clustering the samples can
confirm sample replicates or reveal biologically similar envi-
ronments. For example, in Fig. 1c, the top split in the sample
dendrogram clusters samples from weeks 19 to 21, which Bro-
die et al. correlate with significant differences in environmental
conditions during those 3 weeks. Another integrated visualiza-
tion displays interactive bar plots of differential OTU intensi-

ties, where the heights of the bars display either the absolute or
the relative difference in intensity for each OTU between a
pair of samples (not shown). As intensity has been strongly
correlated with abundance, a difference plot can be an effective
summarization of relative changes in abundance between en-
vironments.

Synchronized selection and filtering afford users the
unique ability to seamlessly navigate between multiple views
of the data. For example, users can select a cluster in the
hierarchical clustering window and simultaneously view the
selected organisms in the taxonomy tree or time series dis-
play, immediately relating their phylogenetic, environmen-
tal, and temporal relationships. This deep level of integra-
tion makes it possible to quickly and deeply analyze complex
microbial environments.

PhyloTrac is implemented in C��, using the cross-platform
Qt development framework (Nokia Corporation), and runs
natively on Macintosh, Linux, and Windows operating systems.

Installing the R statistical package (http://www.r-project
.org/) unlocks multidimensional scaling functionality and an
integrated R console for additional analysis. PhyloTrac bina-
ries and user manual are available at the PhyloTrac home page
(http://www.phylotrac.org/).

This work was supported by the University of Maryland School of
Medicine.

FIG. 1. (a) Taxonomic tree window showing the hybridization intensity of selected OTUs for each sample, ordered vertically by taxonomy and
horizontally by sample. Labels are shown at each level of the taxonomy, from domain (left) to OTU (right). (b) Time series window showing the
change in hybridization intensity for each OTU across all samples, with the selected OTUs shown in yellow. (c) Heat map and clustering window
showing a hierarchical clustering of both the OTUs (rows) and the samples (columns).
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